Searching PAJ 



1/1 ^-v 



PATENT ABSTRACTS OF JAPAN 

(1 1 Publication number : 2000-353848 
(43)Date of publication of application : 19.12.2000 



(51)Int.CI. 



HOIS 5/026 
G02F 1/025 
H01L 21/306 
H01L 21/308 
H01S 5/227 



(21 Application number : 11-163827 
(22)Date of filing : 10.06.1999 



(71) Applicant ; 

(72) Inventor : 



MITSUBISHI ELECTRIC CORP 

KADOWAKI TOMOKO 
TADA HITOSHI 
TAKIGUCHI TORU 
MIHASHI YUTAKA 



(54) SEMICONDUCTOR LASER DIODE WITH OPTICAL MODULATOR AND rTS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable rapid operation by raising separation 
resistance of an isolation part by forming a high resistance InP layer on a 
surface of both sides of a mesa part formed lower than a laser oscillation 
part and an optical modulator part in an isolation part. 
SOLUTION; A mesa 5 having a vertical side surface to a substrate 1 is 
formed and a recessed part 201 is formed in an isolation part 102 in a 
surface wherein a buried layer is formed by making the depth of the mesa 5 
deep in the isolation part 102 and shallow in a laser oscillation part 103 and 
a modulator part 101. That is, if an n-type InP layer 62 is in contact with a 
mesa top and is set thick enough in the laser oscillation part 103 and the 
modulator part 101, the n-type InP layer 62 is formed apart from the mesa 
5 in an isolation part. Therefore, the n-type InP 62 does not remain in the 
isolation mesa part 102, separation resistance of an isolation part can be 
made high, and rapid operation is possible. 
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1f^*- H©3Bjfi^ffi«c*^T, ±EInP»«±K: 
±ESttJB£^tM**#B*#ricU ±E^U"«»C»* 

7-f V U—>3 >ffi»c45l^T±IBU-1f*SaR^±IB 
Tt^i^gggPcfc Oi<iJnJ;^ £ LT±E*-y-««# 

^LT±IB^1fgpc7)(^fiiJtcSSStri: I n P ii\ 
KBffiSiI n PJB±©±aEU— tf«a88&tX±E5t*« 
gSBK*5^T\ ±E*1*gBO±M*SK:ii]ilU *>o±E 
ig&irE I n PB±<0_LE7'f Vl/-'>a >a»C*3^Tte 

g£-t*£j£fiXg£, ±E7-fVl/-y3>aia)niI 
n Pm&1fcttZ»&J:&£&<£tSZL 2>. 
-co^^^T^ch, 7< V U-isa >BB»C*3^T±ffin 
SI n PH*±E^1tai5JC»L7a:^cJ:5tc«fiS-a:*C 
±ERSiai:*tt5 7< V l/— >a >»l: 

*3tt£nS I n PBoafflStt6T / >&<"ef*, 

[0 0 2 2] **5BfC«S*2<D3ttSSBI»f*U- 
1fy-f *-K©«jfi*}5fe, I n PM±C, — SB*>Sffi 
«JcM**ttC?gfiK$nfc^1J-S5€:«^ ±E— SSfiS© 

if»«at±Effl*ffli©3tt*Bis»t3&«7''f y 

^^■-KOSig^ffitCtS^T, ±ElnPS«±l:± 
ESttB*^tr¥*#S*»j£U ±E*ltffiK:2#JSL 
T±E7-f y U-'> a >BBT±E !f»««a«±E 

-f y l—> 3 >»^»1t8BO«*t±EU-1f*««&tK 
±E^aw»»^B<t 0!£^^it«S:»dcTSXy^> 
^Xg£> ±Evx^£M^£fivx^£LT±E;*1t 
ffiDffiffiklffitt&i I n PJB*J**S*. ©iiSffiiri I n P 
m±\ZnM I n PJS£5£g£i±£f&:BXg<h, ±EU- 

1f»««»tf**«»*»c*i**±E^*«©««t 0 Jt 
< io±E7^f y U—>3 >Wfc*5frt S±E^1tBBOB 
cfeOIJE^WBT?, ±E^1ta8K:»LT*#WlC3&:*«t3t 

iS»ttT*. ccOcfc^tcT^xh, fijfiifiglcistr* 
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[0023] 2*>\z. *f&w\z&t&m3<Dyt&m9&tt¥ 

E-*ffl©U-1f*fiWt±Effl««03t*BI»»i^ 

±^^^te»nfc, ±E7<y i/-ya >gctc^^r±E 
u-if*«»arx±E3«*n»«cfc0Ba)j£^w»*«r 

r*^^€ra*?^fiVXd7i:LT±E>1t»<^M«lfC 
/0 Sffitn: I n P/B*f£S3^ mmt&tfi I n P/fJiKnS 
I n P/f £/&S2-fr3f$;gXg<b, ±E7<VI/-*>3 
>8B^*5ttSnS! I n PJI£^£T£Rfci?Xg££<&tr 

>B8»C*3^T±EnS! I n PB&±E*1«BK:«l/ft:^ 

«k5i:fi*St5:t)l<7?S, ±E»5£xgK*5tta7 

-TV U— ->3 >B5lc*5W-*nS I n Pl^i^iJ?) 
[0 0 2 4] **Wfc«*S3©**P«tf¥* 

^ ->3 >gBJC*5^^nS! I nPi(?)SM^ci:0 / M<t 
Z>tcsb\Z. ±Ej£fiXgK:*5^T, ±E7-fVI/-'>3 

[0 0 2 5] *»M»C«4*4<0Jtt«ilffiW** 
#U-1f^-f*-H<0»jl3?ffi»4, I n PS«±l:, - 

m^Mmzmz&mz&j&tsnrz*v&&m^ ±ib 
-r y u—> 3 >mz «t o #«£nT&*3fc«HK*t¥* 

tf^-f F<&§KS#ffifci5HT, ±EInPS 
«±£±ESttJB*«tJ¥*#JI*»l«U ±E*U-» 

* ± E 7 -f y 1/ - is 3 > SB I z *3 ^ T ± E V — tf ^ !B ffi R 
±E3fc«W»» J: 0 S < d £ K 0 JbE* it 

" tLTM&.fn I n Pl*±E7-fyi/-y3 >g& 

ic*i>T±Ea#?j«*^x^oTSB»ca-r**"xf«fts 

£ ^>f3^i^}Stri I nPlllCnll nPf^fiE 
g£i2-£f&gXg<>:, ±E7<yi/->3>»©nai 
n PJI*»56T*l»*XStSr^trc:t*»«i:r*. 

SI nPH«:±E^1t«^»La:^cfc5^«S$ii-SC 
tj^T*, ±E»*Xg»C*WS7-f VU— >a>«IC 
*3tj"-5nS I n PJi<£^?£ffi£ffi#T4>ft<T#£o 
[0 0 2 6] ^^c, *»^fC«^»5 0%XH8S^« 

fcu—vy^ Jr-wmrnxm*, inPisn:, - 
m^mwz&z&mz&&2ntc*vm&ffix, ±e 

-f v u-isa >m\z&Q&m2tiTU*yt&m#tt¥m 
fcu-vy^*-F<Dmmijmz&^T* ±E^^ge± 
5^ \zm-fibnrzm^m^x^ii. ±E7<vi/-y 3 > 



I 
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izmt&tfi I n PJS£*£;B£-tf£^ 2 £ JcSit5«tn I n 
PllCnII nPi^fi^t^Slgi, ±fB7 
-f y >3 nSJ I n Pl^^t^ftilSd: 

-f>3 >g5(C*3^T±fEn^ I n P®£_hfS*-ttgfcl:iig 

w-^tw vi/-ya >mz&ttz>nm i n pjics>^§ 

[0 0 2 7] 

^ffinmmi. mi, m2\z^m<D^i(D^mm\z^ 
Hitz^-Tcfcatcss i \zttVTmw.tsi®m&*>-D*v 

10 2Ti^<, Ix— Ifjefiffil 0 3tSEHBfiBl 0 IT 

3£flij£Lfcc<ti;:J:9, 7-f y v-i/s >^ita$ l o 

2£nS! I n P@6 2 #»#UT^^V^*»I»fti|£* 
[0 0 2 8] WT, *«S«)»IBl<03t«H»f*¥W#U 

81, 1^2 hn— <Dh<D\Z\tm— <2?3F*t£:ttLT^LT 
1^5, *«it*feTf4*T, 83 \ZtkT&o\Z. InP 
«te±l±fd, 1 0 3 COffittJi 2 , ^i^gg 

L&fft, #52 jami^S i 0 2 f ^6ft5|6»lfi4$7 
^^JCbT> CH 4 -H2*^Sffl^fcK7<Xy?> 
^££9* ftttil 2 <h®iRJi 3£^tf* It 5 ^^^"T 

£<&BL 7-f y U-->3 >SB1 0 2fc43WS^itJSi 
$ (SB*) tt, *OffiO«««fc 0 *> 0 . 5/zmgSif< 
&*«fc5K:B!lffi2 0 1 ZMf&TZ. 
[0 0 2 9] K5<Xu/^>^T««Lfc/1t5©«»r 

mvtetz Zfrfctt&&&^tzMfttl*&teO&mz*i 

■ 2**l^tt85:iR)B3<Z>*|ttj|91. * 

\z, m4\z^m?\z, t-v-sm&izm^rzs \ o 2 K 

4£S&l£gv;*^£LTffl^T, *1t 5 aHBJSBK, ® 
«yP7*I6tlt, iBJgtri I nP16 ldinll n 
Pi62$, MOC VDffifCcfc 0aiH!UTS»a*flcfi 

[0030] :ct, K^<xy^>^T^j&L*:*gffi2 
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0) * It £ iitRfSJi V X ^ * m ^ T M O C V D ft Tii#& 

12-H14*ffl^TRWn. S1\ S12(C^TJ: 
v\z. tD-mSZlzspftte (110) IBAtJftSSOiA^a: 

</«cssT^jBSSiaa i ffi&o. #cic mis\z^T^ 
o\z, (ill) Bm±<o&&ifi*v5<Dm±\zmm-? 

<fc3&* (3 l l) ®±£ (o o l) B_h(;:j£gT£j& 

m\\-rz>Hc \m&\z£r). sgiiic^w (11 
o) m<D^mmm. m*x\z* (ill) Bm<D&2& 
fflm-rzzLizifi-ez*. -ruti*>, mm-r^nc \m& 
&Mt>-?z£\z<£K>, i \z&v2> (ooi) m 
±<Df&mmmizit'<T (no) m±<z>#ittw<s:f&&m 

S*f<t*C^S507?» (1 1 1) BBc^S* 

[0 0 3 1] ffi*«TK9!LfcJ:'5K:, niInPl6 
2£iBf&trn nP|6 l©K-/^hT»5Fetpi 

I nP16 2^/it50i±(hi»LT, ^O, ;*1t5 
ifi#K*3^T*>nS! 1 nP16 2 ***1t 5 SHSJlfci: 
Z^tmnSllzm Z. <hrt*M£ £<£>/i 
fi&lCte, /Sfiifigl. 2 Tiiilfitri I n Pf6 1 £:/5jtJs£ 
1±\ ^Silg3 iCA^^tC, nIInP|62« 

[0 0 3 2] H»JB*^«fc*4i, **tt8S£a*4 /imil 
c^«^> rBJSfii I nP16 ltf2^3/im> nilnP 
^ 16 2*%1. 0 jtim(OteiT> 0TM<^ila6^^«> 
Br^tft^ntfnS! I nP!6 2 #*+t 5 ©M±JC«* L 

tcfct-t^, H4 V l/—> a >8 1 0 2 ©BfffiS, 

8 5*c^t\ ±^Ocfc3Jc, u-it'ssiigsi o 3*5<fctf 

^pgggei 0 1 C^^Tnll n PS 6 2^*1t]M±K 
SIT, +»&»^*t)^cfc'5«:HjS«c»Sbfc 

\Z, nil nP16 2tt^1t5*^linT»«Sn5. 
^ cnH U-1f«fi»l 0 3-^«BI»a8l 0 1 cfcOfeT 
y U—i/a 0 2CD;<1ta£2£:^< LT^SCt 

{Ccfc^^c^T, 7-fyi/-ya>ffll 0 2(C*^m 
^gja§2TnS I n P/f 6 2^g$tl5^6T* 

[0 0 3 3] &\Z. m6. m7 \Z9RT<£o\Z, T^VV 
-->3>gBl 0 2JC*3^T, niInPl6 2^)g®^ 
e>»?J£0>ai * H ^ -f X ^ > ^> C <h tCi o T, 
VU— ^a>B81 0 2 Wnl I n PS 6 2£B££-T 

5^ 102OnIInP|6 2 te*1t 5 ^ ^fSnXV^fc 
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'&&<DJ:o\Z. ^it5a§TnSInPi62^S 

diiKcfcO, (1 1 1) Bffi<Dfi££:B<T^, IM>T 
it. 7-rvi/-y3>Sl0 2^^*9-5(!:niI nPi 
6 2iC0E«t«r«f niInP!6 

[0 0 3 4] cnEtB^ntX7P-H S*MtcS£ 
#0I<2:IrII;t&*. "T&te^, B8, 0 9 iC^Tc*: 5 
(C, •JXA4Ii:pIInP^7^HI7, pSlnG 
aAs3>^ hMS #tC, 0 10, 011 

tC^Tcfc?^ 7<Vl/-i/3>a51 02OpiI nG 

1 Ic^T^lC, 5- 7 Mm6<Dya-tX^-tt#|9 

h^^t^o 7u&vrzmT<D7^ yi/->a >gpi o ^ 

2tf)#r®te, 0 2CDJ;5lc;&oT:fc9, n^InP|6 
2#^£K:[$5£T€?T^S. 

[0 0 3 5] ^±<£>£5ic, **«^Sili:<J:nH 

7<Vl/— >a >SSl 02^)nSInPI62 *tc±\Z 

<&JBJB1 icfentf, 74V V—zss >SB 1 0 2®nII 
nP|62 S:X-/^>^56'rSXS-e^t>CD«r^:< t" 

[0 0 3 6] HMI2. #?6WCfl*&||S6<Z) 

«!B 2 <Dft&mmtt*m» v—*nf4 k ^tk 

■!f^*-H*^-r»«HT?»0, 016te015ic:;fe 

w-sb-b' «(coiiToBfrBHT*s. 

->a >S5 1 0 2 <0»ttB£fctt»iKe<0fia*, U — if3R6 
JSgB 1 0 3 CDffittJl 2 *fcfct£tWBffi 1 0 1 C0©iR« 2 
OigctO h£<te-?T^T, 74 Vis— '>3>S5 40 

1 0 2 £*3W*£>U'5 aCnll nPI6 2**J8?¥LT 

[0037] jwt. ^ffi<Dj&m2<Dyt&m®tt*mft\s 

[0 0 3 8] #§Sjt3rffiTte, 0 1 7 JC^Tcfc ? 

lc, InPSfi±l±l:, \s-*f5tWMl 0 3<£f£ttJS 

2 „ ^HBgB 1 0 1 cd©iR@ 3 Sr^toBf3e©ISJi)H*x 50 
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\£jr*zs*)\,tiL&l,1t&* S i O 2 ^C0*6&^4 a£X 

7f >^x^i:lt, ^/i7 hxu/^>^iCcto, e 

tt^2<hffi[iRB3€:^tr^1t5 a^Jg^-r^o dCDEJtf) 
S i 0 2 9<&fBSdK4 aWt U— tf^JSffil 0 3^> 
^iUggSSl 0 lT«ti£^<h^U<^6 MmtL, 7< V 
>3 >SBl 0 2TH /it5aWiIgtM 

0—12 /xmCt^c 

[0 0 3 9] COS i 02*<0»fti4 aSXyf >y 
VX^tLTHB r#Sffl^T^x^y HXy^>^£fT 
^, a&Mf&-rz>o Z<Dm<D*V5 a^MH* 

tt«6*^a:-r*l2:*«0«*i:3S:*. 
^4/im(h^§J;^i:X7f >^^TS<1:, Iffg 
JggB 1 0 3 <£>fgtt© 2 ^£H£SE 1 0 1 CDKiR/S 3 OR 

-~>3>gBl 0 2<7)»iKH«l8tt5. 5-7. 5//m^ 

So 

[0 0 4 0] 0 1 8 \Z^£o\Z, *V5a(D]& 

mzm^tzS i 0 2 BI4 a^l^SVX^ilTffl^ 

^InPi61<hniInPl62$, MOCVDSC 

cfcoiitti^fiEgts, ::t> mis(D74 

V V—zsb >g& 1 0 2 lc45WS»rH*, 0 1 9 fC^T* 
01 9iC^L^icfc3tC, 7-f V \s— ~>3>g&l 0 2\Z& 
t^Tte* *V5 a<DH&tfi1®7 . 5um&r). nilnP 
16 2tej$7. 5 Mm^CO^it 5 a (DtVmizmf&ZtlT 

[0 0 4 1] fE*<0tt*H«{*¥«#: y-f H 

tt, dCO^fC, VU—v-a >gBl 0 2£&J0. 6/i 
mgg, K7<X7f>^CtlCJ;oT, 7<Vl/ 
— ->3>gPl 02OnSlnPf6 2^iSt§Ig^ 

L^Lft#*<B>, *mM<DMWi2 \Z&^T 
te, V V3 >SC1 0 2^ni I n P@6 2\$$) 
7. 5 MmiHO^it 5 a^lCL^aUct^ — 
C(7)^coyD-feX^1f#}9 5- 7 /imiTTM 

1 0 2(^^1t5 aco(@j:0 t>^V^(OT, K^<X^^> 
^tCcfcoTT-f 7 l/->3 >SP<7)n^ I nPl6 2^^ 

[0 0 4 2] dn^^^^PirX^D-^, S*MtC«£ 
#W<hHi;T&*. -r^fe-fe, 02 0, @2 llC^tJ; 
o\Z, ^XAiBCpil nP^77H17, pSIn 
P3>^^7 h@8S:£S;gb, 02 2, 02 3 \Z^k 

fcfc^tC, 7^f yi/—>3 >SB<0 pi I nGaAsZi> 

^^hi8$X7f>^Sl> ««ic, 0 l 5 

<£o\Z, 5- 7 Mmrp1f^TSmc 5 Pfr^2OC0^n-feX 
^•y-jS9S»ttT, HSSO^fi8 2 0>t^iSiS^^*{*U 
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va >6B1 0 2CD#rffite, 0 1 6 <Ocl;5t;i&oT*3D, 

7<Vi/— >3>W:nSInPI 

6 2 tt&fiELttt*. 

[0043] &±<D£o\z, *nm<DMm2\z&ti&. 

7<Vl/-y3>aJl02©nIInPl6 2^X^f 

[0044] mm^mm3. % a\z* *%w\z&z>mffi>v> 

K^HT, 02 4-02 8*»JIHL&a«eK9rr<5. * 
[0 0 4 5] #fiji;frj£-ett, Sf, 02 4K^-f £5 

\z, inpss±i±c, tf3e««©»ttji2arx 

COSS, S i0 2 ^lfiil4bOMl:i 

»/zm£/2;<U ^fOftS (U— lf3SMR«Xtt*H 

[0 0 4 6] £CD£?l^j&Lj£^X££/8^T^xu/ 
Silt*. CC0P#, 7^VI/-'>3>»«I6R 

aOJgtttt, fit* fit Ufzt>frte-? J £JZ&D<DMiR 
*V 5 a<Dgga?WKj4 Mm0)P3K ^tti2^^ 
^tt»«B3©«ttttl. 3/imf:ftS. 

[0 0 4 7] #IC, 02 5 ^^Tct^lC, 5 
jfcKfllH&S i 0 2 Ji4b^I^S7X^<i:LTffl^ 
T, 5 aCDffiijffiK, nffi7ny?m6 £LTs M*& 
fill nP|6 1 inil nPl6 2$:, MOCVDitC 

emr « c t tci: o tarns 4bw$ i^snT 
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tfi*<DT** m&thl nP!6 1*M nPSfiKB^bfiK 

fiiTi^xf6W4 b©sttT*<ofci>a wcsua-r 

T, IT^)«S Wlh n 1 1 n P 1 6 2 ^ 

fltfiS«utl:«kt), nIInPS62*W5a^ 

bffintzMmzmtb&tszttfi-vgz. 

[0 0 4 8] #Cfc, 02 7, 02 8tC^TcfcoJ3, 7-f 

/0 y?>^f £^£KcfcoT, 7-f Vl/-y3>ffi©nS 
InP16 2^iSt§o *Slifi<7>^3JC 
*3^Ttt, 7^fyi/—>3>SOnII nPH6 2tt/ 
It 5 a^SatnTl^fc*. fi£*CDJ;5K:, *1t5ajfi 
»TnIInPB6 2^9#TSC:ttt&K 3 
«/£fiVX*<fcLT/IH>*IM»B4 b©7<yi/->3 

*V®5~7 tim£OhB;<-?Z>£o\zTn&* nil 
nPi6 2«yPirX^itJ: 0 fcWWKLaM^fiELfc:^ 

7<yi/-y3>8l5©nSInPi 
^ 6 2 ^X7f>^it^IgfOfeO$a<T^^^ 
Tit, XS^fB*{t4:^{t;^^:#<aiKT#ae»-lC» 

[0 0 4 9] cnW(DyntX7P-(l S#MK:fiE 
*09£:Hi;T&£. fJftte-fe, ^XA^ffilCpflnP 
>7yHl, piInGaAs3>^JMS«SU 
^l:7-f yi/—>3 >a$(^)p InGaAs3>^^7hi 
$X7f>^iSl, S^fC, 5-7 AtmfiO^P-feX 

J0 [0 0 5 0] iU±(7)J:^tc, #^J£<£>^1$3 Kctnti, 
^tCX*-r^^<htlcfc»9> fB¥fc;£8s^ nSlnPi 
gfOnllnPI^i^nigT, *-»ttfifln?nSlI 

nPi^a#sa<tct^, +»Q£t±©»I«Ja 

<-T*C£fc:J:9, 7^71/— >3>WniI nPl 

6 2 *xy^>^»£T*xs*ft<Tci#T#*o 

T> xe<7)ffi*{k;i:yn-fe^<7)ft^bfc:*S<SittT'5 

[0 0 5 1] I*ii6<£>7£!84. ^CtC 0 2 9-0 3 1 

2 9-03 WZ&^T. &m<Dm£m-c>h<D\ztem& 
5(7 ^Si3tc^tt^^K4 bcoaas^r>abo©:*2*^ 
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[0 0 5 2] ^ffilCtS^TttST* B2 9 fc*-T «fc 3 
fc. tt£ & piHIL InP««±l±i:, !f*MM> 

e*^>*;i/fifcfiL&«, Si02?©»8«4c^ 
1t^j£ffl<£Xy^>^vx^£J£/£U ^xyhXyf 

tit. IBSr+SCMnu fi£X£|&MmC0 W^fHlyfi 
X2] KTtc-TS. £CD£?lcT££, »fiTOSLO 

[0 0 5 3] B30, 83 1H Si O 21**6**16 
M4c^WSg7X^iUTffl^T, *U-5a<BSH 
fc* ««t^DyjrJl6 tLT, SSatfi InP|61<hn 
IlnPi62$, MOCVDffifCcfcOaiBKLTSfeii 

i 02^<omum4 c ©jbsi^s l#2#£U:»s« 

PI62 K43l>T*U-5 a*e>«inT^-5«a**r>* L 

[0054] z<d£v\z. *nm<D&t&4\z. m&<nj& 

<?-*z:£:*«TStttf, 7<Vl/-y3>S^nSIn 
P14X7f>^St§IgWf&<&5^ll II 

[0 0 5 5] £JG0JBflB5. £TF, 
J£S8 5 0>%&M«tt¥*tt U-1f^ H IC^ ^T, 
H3 2-0 3 6*r#RBLfc**SI&«ifl"rs. 03 2-03 
6K*H>T* l«n$InPl^ 2teInGaAsP 
Stt®, 3aft4KJB« 6 3«SfiCt I n P©«fyp^^ 
m. 64«niInP@, 75«piInP^77H 
S. 76«pSInGaAs3>^^7hi, 77ttS i 
0 2 ^^^^^^To 5 Ttt, S i o 2 *a 

M7 7^e^^VX^««6/imil, 
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\zmi. 3Mm<tr*o i n p mmm.y o 

[0 0 5 6] CCT, *IS16<0*JB 5 tt* DFB-U- 
1f»S8B, 2HSffiJC43^TH3 5fC*-r<t3tC«3 4 
Mm, ?Si^#8ftgST03 6 \Zfr;T£olzm£ 3 um£. 

^&tn i npmsftyu 

y^Ji 3£3 MmC0^$lC, nil nPl64$l/im 

[0057] Tt*t>*>, ^mffiomm 5 oyt&mmtt* 

K^Xy^^K^O 1 /zmX75 1 >^U: 
m> 7^ V l^— > 3 >»S$tr^#S x y h X y ? > 
^T3 MmXy^>yT*::£fc<fcD«£<0S&**tf 
£Jgf£T£o fit, ^-^^-y-^l^fiiJtC^rKffiSi I n 
PlSyD7^i3^3/im^)|$«fi^t5o 
£0 &5\zT2>hs 51ZtR~TJ:o\Z. DFB-U— If* 
«8BR««»|»8STttlft«WR7 7OP0«JBtW««iI n 
P1S^D7^16 3<Z>*ffii:<Z)Pfl^«ra*t-c#*<DJC 
*fLT, 7 -TV V—isa >8P-t?te0 3 6 KtSTJ: 5 £*ft 
S17 7<Z)pfflJffiJc:«"r*ici**T, initial nPl 

[0 0 5 8] £<0<fc5&ttSBT, nSlnP164^1 
Mm<^jp^^fiS;g^H'*i:> 03 5^^51;:* D F 

nS I n Pi 6 4^g$n5^f:»bT, 7<V1/- 
v-3 >gPTte0 3 6 <£5 *C3&igd^7 7CO^ffl0lCn 

I I n Pi6 4^U"*5int«fiah*. 

[0 0 5 9] #:IC, C©ttlT, S i 0 2 iHl7 7 Sr 
X7f>m^ilT$5 1 /imX7f>m:i:H 
ctO, S i 7 COBfflOnll n PS 6 4 £ 

IS**-*"*, fit, »IW7 7S7!yK**»*Tte* 
U Affile p9 I nP^77h f 17 5£«$1. 5/imCO 
JPSKJSfcfiU pSlnGaA3>^^h|76^1 

[0 0 6 0] £l±0<fc3t*«Stl&SEIII»W¥*flc^ 

(FeK-^) InP163<hnainPi64T^D 

#B»Ttt««ttnffl I n P 6 4^JSnW5& 
DFB-U-ifS6lggB<i:^iBSBBc0F^O7-f VI/- 

wisQistzm&izmmttez d f b - u-*f&mm^v>n 

5<? T^, nS I n PH$r^*b*^«^(Cit-<5fg«±ig5 
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InPBSHSLfc^ SciiSSSBcDnSJ I n P@t)l^fil 

[0062] ^m&i&me. jwt, *%w\z%z>^m<D 

S i 0 2 ^^7 7 (^^fiijfc 

y^B63inai nP164 Z. £ 

*F?<1*— F©B«K:fSV*Stt*, MOCVD, MBE 

(fi»JAtfI EEE, JOURNAL 
OF QUANTUMELECTRON I CS. VO 
L. 2 9. NO. 6, JUNE1993) SrfiJIB b£: t> 

[0 0 6 3] Ttefrt^ *HJfi<Z)»JB6C0«ifi*ftfc45 
^T, r< VI/- ~>3 >SB<Z>S i 0 2 *fi^7 7<Z>Wffl 
Kl^JPff^fflVX^ 7 7 a^fig^nr^SCDT, HI 3 
8<&«ffiB£^"r«fc'5K:S i 0 2 *6»^7 7 ^BiJfUf;*: 
ffl7X^7 7a«T(i iSJSta I n Piffi^D^^l 

n Piffi^D^^I^S i 0 2 *6»M7 7 <h§IJ¥ii;*:ffl 
VXv* 7 7 aCO^fflW^^-r^xhC^^T^g^itfc 
tg, pi I n P16 4£/&S2i±£<hliI3 8 K«"r«fc3 
\Z*V5 bfrbffitlTpM I n Pi6 4«^tl§, 

[0064] f^, 03 siz&^x&ms o a, mmm* 

m~?X? 7 7a &i&f8,Lfc\,*~C, M&tri I n PHgg:/n 
Xlt, iggta I n PS^D7^16 3te*1t5 b tC^ 

[oo6 5] t<D^ mmomms tmmzvxnm i 

Lfc'{£, painP>7yHHatfpainGaAs3 
>^^hi^lt§i, *T»i»0*nSlnP^ 

DFB-I/— « f «aBBt*BIB»OW07'f V 

H«niLfc«^jcraiittt*D f b - u—tf&mm^on 

[0066] &rz. ^m<Dmme\z^x, tx^co 
-*mz. *3*wx h^yg&os io 2 *g&jgi 
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7 7^6/im, **<DS i 02»»K7 7 £ffiffl(7>"7 
7 7 a <h<DP*1Ri£ 1 0 Mmg£lC»^U f3gffi!ltf>V 
X£ 7 7 aOfitt2 0^)^5 0 m mfCifc^T^o 
[0 0 6 7] 

[%^^2ft^] sk±. mm\ztstwL,rz£o\z, *%w\z 

70 T> T< y is a >8BK:;tett*nS! I n Pi©i5S*« 

[0 0 6 8] *«W»C«*»103tt*BI»f+*i» 
#U-1fy^:*-FTtt, ±fB>1tgB£±fB I n PS1£ 

K)MJ&'?2>C£:\Z&t), 7-f yi/-ya>»i:*t«n 
[0 0 6 9] **W»C««»2iD3taEB|»^W 

ftu— »f^5j— Ftt, ±m*vm<omm\zffif)Wf&2 

-kwss. fct, 7<y >gp<£>#i§tj&ifc 
[0070] &fz, *mniz%zm3<vft^m§£tt*m 

SB, ±BBT-fyi/—>3>»a«>taBI»»K:*^TK 
<B«*WU ±8BSSJatfi I n PHtt, ±IB7<yU 

^ niCcfc^T, 7^fyi/-y3>8tl:^t^niInPl 

[0 0 7 1 ] *«^JC«**4©3tRWSf4-^ 

±ESflER I nP@H ±fB 

->3 >g6^*5frt^ni I nPiOS^WVMl^ 
5^ ^HS^¥»^U-1fy-f ^~Hi:T^^<DT, V 
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[0 0 7 2] £tz2t>\Z, *5£W\Z& Z>m 5 (Dft^m^ 
ft^^U-lf^^-Fte, ±EiiSi£trn nPIH 

±E7< y >a >mz&^x ±m zmnrc 

ttWX&V±&Z£v\Zf&g>2nT^Z><DT. 7<Vl/ 
— is 3 >ffi\Z$$WZ> n M I n PJicD^#;^#T^&< 

7-f V U—>3 >SBcO^@ISfex^K< 

[0 0 7 3] *«WK:«**2-»5<WteSHI8 
tf^-f*-HT?tt. ±IB^U-»tt, ±E¥ 

[0 0 7 4] *«W»c«a»l<03tt*WSW¥W 

yf>^Iit, ±E*+^<£ffiWci§5&tn I n PBS 
t^T, ±E*1*ffi<0±S«SK:iiJiiU ^±EiSStn:i 

n p®±o±fB7-r y f>a >wz^x^±m^^ 

<D±ffimzmmLte^£o\ZnM I n P Ji 
^JLUt, ±E7-fyi/->'3>8©nil nPl* 
Hit5feSlgi:i£^T^So cnJCckoT, ±E 
Rfc^XSfCfcfrtST-f y U — >SBt*5ttSnS! I n 

[0 0 7 5] *^0Jf-^^,^2^^:^i^§g#l/- 
7< y l/->a >BBco^ij-aB«)1i^±EU'-1f«lgSBX 

^E^xwagffioScfeojct^^wsjRflcrsxy^ 

PJf±fCn^ I n PI^fi$t§fiESXgt, 1IEI/ 
-1f*««Stf3t*l>»»»C*^*±E^*»0«<fc 0 
K<*o±B7'f y 3 >8Bk:;fctt*±E*-tf-»<0 
■iOH^IBi-C, ±E*tf»K#LT#»K:fc*«fc5 

CinCckoT, SifiigfilCii^T* nilnP 

>WJc45^TnS!I n PI^<#aEL&^»l8fi^ 
iB lr>ffiaftffrP ?TttA:XKIIIBft I — if *W *- F S« 

[0 0 7 6] *SSWIC«S^3<7)^P9S#¥ 

tt^tlfc, ±E7-f y ->3 VffiK&^TllCQJE^BB 
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}|{fiInPl$Sfi$^ BE»»tSInPI±l:nai 
nPI^«S^t5SIIg<h, ±E7^V!/->3> 
gBlC&tt^n^ I n P@£|$5ST^i&5&X;g<h£^7* 
7-f y U--~>3 >8BfC*3l^T±EnS I n P 

m&±&*vmzmLu^£5\zi&&2i£zzh&'v 

±E»*XSlc43»*7-f V U—>3 >SUc:fctt3 
ng! I n PJB<&S#fi£ffi»T^&<T#*. fiEoT, 

[0 0 7 7] 4:%n^ffi«fB3 0)>eXHS^¥« 

±E7^Vlx-S/ 3 >»K:«©J£^«»*tt«C«Bf 

0, 7< V >a >SC^ttS nS I n PlC0S#l 
&cfc?)*J>&<T€r*. Sot, *®ifi^ffifC<tntf, # 

20 if y-f t- K C 

[0 0 7 8] *«MlC«**4©Jtt*BI»ftf¥W 

TV^ ^ 4M ^7 ©Mdl^¥8#I$±ia7 

<y l/—>3 >»{c*5^T±EU'— if5efiBB&«±E?ie 

si^ggHPct o m < mikTz z. t Kct o ±e*-*«*»j£ 

bTig'Jgtn: I n PJB*±E7-r y U-isa >mz£>^T 

±Ea*?««v^^<oTi*t«'r*s7?j«fi$-&&», 

2 6 KKEifttri I nPI±CnMI nPf«^« 
.70 J&fixg^, ±IB7< V 1/- y a >SS© n S I nPIS 
iSt^lSSXiimt^SOT, 7^yi/-ya 
>8Bfc:i3^T±EnS! I n P JI ^XE^SBKig 
cfcStC^fiSttSC^T^, ±E»56XSJC*5frt-5 7 
-f y ->3>B5«C*5frt*nS! I nPl^Mi^ife 

T4>fc<T#*. Sot, *«ja*j*ic±ntf, »aua 
[0079] &rz* *5£w\z&zm5<Dyt&m&tt¥m 

40 ZnfcMIR&Lm^X? t, ±E7-f y ls-zsa>mzm 

miR^^7,^(Dmm\zm^<omm^xxwL»^ntz 

*ft«ffit*TX^^*ffl^T±E^*aoW«»c:«« 
ta I n PJB£fifcfiS-fr&». £ S ICttBjfifft I n PJi± 
JCnM I n P^*fi£g^itT, ±E7< V v 3 >gB 
^)nil nP14i£LTI/^(0T> 7^V^—>3> 
»Kl*5^T±Enffl I nP|S±B/*»l:8L)5i:W 

sicj£fiStt*;i£**"C€r. ±E»*xsic*w*7-f 

y l/-ya >ffi^*tt*nffl I n PS^5^??fi^S^T 



23 

[0 i ] *%w\z&zmm<DMi& 1 ojtswsft^w 
[02] mi\z&tfz>A-A j ®L\z^>^T<Dmmm°v 

[0 4 ] %K<?)7Bffi 1 <03fc£W»tt¥*# If y< 
[05] H4©7-f71/->3 >»C*W*W1HBIT 

[0 6] u— y^-r 

I n P^^^*bfc^<D^0T*-2.,, 
[0 7] m&(D7^( 71/- ->3 >gCfC*3t-t-5»rHS-r 

[0 8] ^sso^ffi i o%&m&tt¥Btt if y-f 

[0 9] B8©7<yi/-y3 >B8JC45W*»rHHT 

[010] mmvrm i o^ti^tt^*^ i — if y 

SI nGa As h » Lfcm<£>£4«i0T?& 

[011] 01 ocot-t y i/-f> 3 >gptc*5tt^»fs 

[012] sijsso^sg i <Dmm&mw~fz>tc®<D. & 

i m?gfflco0®T^^o 
[013] mmcDivm i ogi^pwst^o, /£ 

[0 14] ^3Sfi(OJBffil<01SaS:Bl^T*fc«><0, j£ 
Si§g3RH^fflco0HT^^o 

[015] *5£w\z&z>mffiv>Mm2 (Dyt&m&tt* 

[0 16] 0 15 fcfcfrt&B- B* ttfC^TOWB 
0T*-5o 

[017] £ffi<?)Jgj» 2 <D)t^iBS#¥«ff U-if y 

[018] nM<DMm2<Dft&m&tt*m{*i'-if? 

[0 19] 0 1 8CD7-T y >SCO®f®0T$> 

[02 o] mmv>m&2 <DK^mmtt*m&v-*f# 
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[02 1] 02 l©7<Vl/—>3>i(OllfI0T* 
[02 2] fUJS^SI 2 ©3t*Hgf**»* U-if ^ 

[02 3] 02 1 CDTW y ->3 >3$<Z)#r®0T$> 

So 

[024] mm&mm 3 ^jtswsft^w* tf ^ 

0T£So 

[02 5] ^iffi<7>^&$ 3 <B3fc«»!»tt¥ SM* U— if ^ 
[0 2 6] 02 507< yi/- % >3 >a5(D»rMT^ 

[027] nmnrnm 3 ^%xn«#¥*# u-if y 

^ [02 8] 02 7<B7<y k—->3 >gBco»r®0*X?* 

[029] mmnmm 4 o3t^ins#*«# if ^ 

0T&£<, 

[0 3 0] ll«fi(7)«!i4a)3taW8g<*¥**U-1fy 
[03 1] 03O^)7<Vl/-y3 >gP<£>#f®0T$> 

^ [032] *mn\z%z>mm<DWffii s <£>7t^Pi§§tt¥ 

[03 3] 03 2<7)aW»fflH*»SWrffiHT»S. 
[03 4] 03 2^7^VI/-V3 >BR^43^S»fffi 

0T$>3o 

[0 3 5] *JSW»JB5 03t«P»ft*»*U-1fy 
y^lRtfni I n PHSS*ii*«S$'a:*:«©«W 

[03 6] nm<DMms<Dy£&mmtt¥m&\s--*fy 
40 'fjr—wM&jjmz&^T, mt&m i n pmmm^a 

y l/-ya >8Bfc*>»£»rffi0T-S£. 
[03 7] *MHD»IB6a>^;*£tt£*ST¥EBT 

<5o 

[0 3 8] *K©»« 6 U-lf^ 
£:&ro»rH0T<&*. 

5/7 5. 
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[040] &*ffl03fc&H»tt¥Wtt V—*f¥< 

£i*fc&<E>£4«0T*£o 
[04 1] «lC:3^T<0»rffiJHT* 

[042] ftXffl|0%XH«tt¥tttt *- 
KO«ifi^ttJC*5V^T. 7<V1/— >3>8SOnII n 

[04 3] 04 2 <£>7-f V U — S/g WH 
0-e^^o i 

[04 4] U-"tf^<*- 
F<&»ft#ttK:43HT, p^I n Pn>^£7 

[04 5] 04 4©7 / fyi/—>3 >8B©WrffiHT* 

So 

[046] tt3feffl0%£H»tt¥*tt V—*t9< #- 
H©«Hft*ttfc:45^T, >3>«©pffll n 

[04 7] 0 4 y >BBCD»r®HT* 
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[048] flE3iEMa>XXimft¥«ff !f 4f>f 
[04 9] 04 8(£F-F* 8ilCD^Ttf>»r®0T& 

So 

[050] vt*mv>mm&*mm-?z>ti#><D7't y u 

[051] !S*«©WHj«tltt9B"r*fc»«)7'f V V 

1 InPSft, 2 3 RiRJB, 4 *g*f 

5 6 nffi^Uy&m* 7, 7 5 pSI 

nP^7yFl, 8, 76 pHnGaAsa>^^ 
hS, 61 i^ffitrilnP®, 6 2, 6 4 nSInP 
1, 6 3 Mi&tnl nPmtfl7Uy?m, 7 7 SiO 

2*fi»ffit, 77a mmmxm-?*?. 101 

as, i o 2 T^fvi/- ->3>ffl, 103 if as is 

SB, 2 0 1 CflgPo 
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